SUMMARY Myocardial thallium scintigraphy was performed in four subjects with variant angina and in one subject with isolated, fixed coronary obstruction. Three subjects with variant angina had short episodes of ischemic ST-segment elevation that lasted seconds. Thallium scintigrams demonstrated excess uptake in regions judged to be ischemic by angiographic and electrocardiographic criteria. Two subjects, one with variant angina and the other with a fixed coronary lesion, had prolonged episodes of ischemia that lasted 390-900 seconds. Both had reduced thallium uptake in the ischemic regions. We conclude that myocardial reactive hyperemia is the cause of excess thallium uptake in patients with variant angina who have short episodes of myocardial ischemia.
MYOCARDIAL reactive hyperemia occurs after transient coronary occlusion. ' The hyperemic response produces a considerable increase in flow in the normal coronary bed after release of an occlusion. However, with severe coronary stenosis, vasodilatory reserve is exhausted and reactive hyperemia is abolished. Myocardial thallium-201 (201TI) uptake is related to myocardial blood flow,5' 6 and in canine studies, regional myocardial thallium uptake is high when the isotope is injected in the hyperemic state. 69 Patients with variant angina have episodes of transient myocardial ischemia due to transient coronary artery occlusion.'0'" The cause of these occlusions is uncertain,'2-14 but it seemed likely that these patients might demonstrate reactive hyperemia on 201TI scintigrams. However, previous studies have revealed perfusion defects rather than excess uptake.1'69 We suspected that the timing of the 20'Tl injection and the duration of the ischemia might affect the pattern of uptake. Accordingly, we examined myocardial perfusion in patients with variant angina, studying the time of injection and the length of the ischemic period. Figure 3 demonstrates the 201T1 images and the coronary anatomy. The inferior wall was thought to be the site of ischemia based on commonly accepted ST-segment criteria. However, there was high 20IT1 uptake in this region compared with the other areas of the myocardium. On the final images, obtained 300 and 360 minutes after injection, there was reversal of these findings as inferior wall activity decreased below anterior wall activity. Coronary angiography the next morning demonstrated near-occlusion of the dominant right coronary artery on the first injection and marked dilatation of the narrowing after nitroglycerin, leaving only a 50% narrowing in the mid-right coronary artery. There were focal 70% stenoses in the proximal left anterior descending and circumflex arteries, but these did not demonstrate vasomotion.
On treatment with long-acting nitrates, he became asymptomatic and ST-segment changes ceased. Thallium scintigraphy was repeated after 2.0 mg of sublingual nitroglycerin. These scintigrams were identical to the final images in figure 3.
Patient 3
A 57-year-old white male had a 3-year history of chest pain, chiefly at rest, but occasionally on exertion. A treadmill exercise test demonstrated ST-segment elevation in leads II, Ill, aVF, V5 and V6 after exercise. Similar changes occurred spontaneously at rest. Coronary angiography was performed 10 minutes after a spontaneous episode had resolved and showed 70% stenoses of an obtuse marginal branch of the left circumflex artery and the left anterior descending coronary artery ( fig. 4A ). During exercise testing using a bicycle ergometer, ST-segment elevation recurred; when angiography was repeated, the obtuse marginal branch was nearly occluded, and the anterior descending artery was unchanged ( fig. 4B ). After nitroglycerin, the obtuse marginal occlusion resolved almost completely, leaving only a 30% narrowing ( fig. 4C) On the second day, exercise-induced ST-segment elevation lasted 20 seconds. Thallium was injected as the ST-segment change resolved, and 0.4 mg of nitroglycerin was administered intravenously immediately. There was more uptake in the posterior wall than in the interventricular septum ( fig. 5B ). We postulate that this represents reactive hyperemia after coronary vasodilation induced by nitroglycerin. Such vasodilation was documented at angiography ( fig. 4C ).
The patient was treated with a calcium antagonist and discharged. Despite good compliance, 2 weeks later he had prolonged chest pain and suffered a posterior myocardial infarction. After recovery, 201TI was injected during treadmill exercise, and a posterior perfusion defect was seen in the location of the original 201T1 defect (fig. SC) . Patient 4 A 45-year-old white female had a 5-year history of exertional angina that progressed to prolonged episodes of angina at rest not preceded by a rise in intraarterial pressure or heart rate. These were associated 201TI UPTAKE IN VARIANT ANGINAlKronenberg et al. This exhausts vasodilatory reserve and abolishes reactive hyperemia.
Reactive hyperemia in the myocardium is quite pronounced compared with other circulatory beds.2 This phenomenon has been studied in multiple animal models,1 3 4120, 21 and abolition of reactive hyperemia has been used as an index of full coronary vasodilatation. Hillis and Friesinger20 demonstrated that both the degree and the length of coronary stenoses were factors affecting coronary flow reserve in the dog. Feldman et al.21 reported similar results.
The present study demonstrates excess 201T1 uptake in regions of myocardium which had been transiently ischemic in three of four patients with variant angina (table 1) . Episodes of ischemia lasted 20-90 seconds in these three patients who had excess regional uptake, while the fourth patient, who had a perfusion defect, had ischemia persisting for 15 minutes. Nitroglycerin did not produce excess uptake in the ischemic region of patient 5, who had a high-grade fixed coronary stenosis and no evidence of vasomotion. Transient episodes of ischemia due to coronary occlusion resolved spontaneously in one patient and after nitrates in two patients. In each case, the regions of excess uptake were those supplied by arteries that exhibited vasomotion documented by angiography. Subsequent myocardial infarctions occurred in these same regions of myocardium in two patients, further confirming the area involved. These events support our contention that transient regional ischemia had been followed by excess regional 201T1 uptake, and it is likely that this excess regional 201T1 uptake was due to myocardial reactive hyperemia. Coronary spasm has been demonstrated in two vascular regions in one patient by means of 20'TI perfusion defects and ischemic ST-segment changes in different areas. 9 The interpretation of our data depends on the location of the ischemic regions. We believe we have accurately localized these regions in each of our patients, based on a combination of ECG changes and angiographic evidence. Subsequent myocardial infarctions in these same regions in two patients with excess regional uptake provide further confirmation.
In conclusion, 20IT1 can demonstrate myocardial reactive hyperemia in man. The phenomenon is complex, based on the work cited above and the present data. It apparently depends on the duration of ischemia, the blood level of 201TI during periods of reactive hyperemia, the 2I'Tl extraction fraction and myocardial metabolic requirements, the severity of coronary stenosis, the availability of collateral vessels and the degree of vasodilatory reserve, all of which may influence myocardial 20'Tl uptake.
Our findings of excess regional 20'Tl uptake imply reactive hyperemia in three of our patients with variant angina. All three patients had very short episodes of ischemic ST-segment elevation and little residual atherosclerosis in the vessel with excess vasomotion.
High levels of 201T1 were probably circulating during the hyperemic state. These patients probably had con-VOL 66, No 6, DECEMBER 1982 siderable vasodilatory reserve, which permitted high levels of myocardial 201T1 uptake. Excess regional 207T1 uptake was not seen in patient 4, who had severe atherosclerosis and prolonged ischemia, or in patient 5, who had a single, fixed, subtotal coronary occlusion.
Thallium scintigraphy indicates relative regional perfusion. The findings are influenced by the perfusion in the region in question and in adjacent regions. Excess regional 207T1 uptake may be useful as a marker of reactive hyperemia and coronary vasodilatory reserve both in animals and in man. At present, correlative data (ECG or coronary angiography) are necessary before a scintigraphic diagnosis of myocardial reactive hyperemia can be validated.
